α-fetoprotein (AFP) is a valuable tumor marker for many types of cancers, including primary gastric cancer (GC). However, the effects of AFP expression on the metastasis and anoikis sensitivity of GC remain unclear. The present study aimed to explore the role and possible mechanism of AFP in the invasion and metastasis of GC AGS cells, particularly in the anoikis sensitivity of AGS cells. In the present study, the expression of AFP in cultured AGS cells was assayed firstly by RT-PCR, western blotting and sequencing. Then, a specific AFP siRNA was applied to interfere with AFP expression and poly(2-hydroxyethyl methacrylate) (poly-HEMA) was used to block cell anchorage. The invasion and metastatic ability, and anoikis sensitivity detections were conducted based on Transwell chamber assay, anoikis assay kit and western blotting. Our results confirmed the expression of AFP in AGS cells. Then, we found that interference of AFP with siRNA attenuated the invasion and metastasis of AGS cells and induced a significant upregulation of E-cadherin and downregulation of N-cadherin expression (P<0.05). Cell apoptosis and anoikis were induced when cell anchorage was blocked by poly-HEMA treatment, which was exacerbated significantly when cells were exposed to AFP siRNA. Moreover, interference of AFP when cell anchorage was blocked enhanced the expression of the pro-apoptotic proteins Bax, caspase-3 and -9, and decreased the expression of the anti-apoptotic protein B-cell lymphoma-2 (Bcl-2). In conclusion, the present study demonstrated that interference of AFP reduced AGS cell invasion and metastasis by enhancing anoikis sensitivity. The present study provides new insight for the treatment of GC and suggests AFP as a potential therapeutic target by regulating anoikis sensitivity.
Introduction
Gastric cancer (GC) is one of the major causes of cancer-related deaths worldwide, and has a poor prognosis. The prevalence and mortality of GC is more than two times higher in China than the world average, and one person in China dies from GC every 2-3 min (1-3). Metastasis accounts for the poor prognosis and the majority of deaths. Therefore, the prevention and control of the occurrence of GC metastasis remain a challenging clinical issue. α-fetoprotein (AFP), also known as α fetal protein, is an important serum protein mainly secreted by the yolk sac, gastrointestinal tract and liver during fetal development (4) . AFP is a useful marker for many types of cancers, including primary GC (5) . AFP-producing gastric cancer (APGC) is even separately defined for producing or expressing AFP, which demonstrates the critical role of AFP in the development of GC characteristics. The significance of AFP in GC has been previously described in detail (6) . In addition, AFP is closely correlated with GC metastasis, particularly liver metastasis (7, 8) . However, the molecular mechanisms of AFP in GC metastasis, particularly in the anoikis process remain unknown.
Anoikis, a special programmed cell death, is due to the disengagement between cells and the extracellular matrix (ECM) or neighboring cells. Anoikis plays an important role in body development, the own balance of organizations, disease and tumor metastasis. In tumor metastasis, local infiltration is the first step, during which the adherence between tumor cells is reduced. Tumor cell adhesion to the basement and ECM is enhanced, and then, the basement and ECM are degradated. Tumor cells ̔swim out̓ with amoeba-like movement, and enter into the circulatory system. Thus, adhesion of tumor cells to the basement and ECM is important for their existence. Once cells detach from the basement and ECM, most undergo apoptosis or death, which is termed anoikis. Only cells resistant to anoikis survive and metastasize. Various correlations between AFP expression and anoikis have been found in some types of carcinomas, such as hepatocellular carcinoma (9); however, few studies have been conducted concerning the role of AFP in the anoikis of GC cells.
In the present study, we explored the influence of AFP in the invasion and metastasis of GC, using cultured AGS cells. Furthermore, the molecular mechanisms were investigated, particularly in anoikis sensitivity. Our results proved that interference of AFP reduced AGS cell invasion and metastasis by enhancing anoikis sensitivity. The present study provides a new potential approach by which to treat GC, suggesting AFP as a potential therapeutic target by regulating anoikis sensitivity.
Materials and methods
Materials. The human hepatic carcinoma cell line Bel-7402 and GC cell lines FU97 and AGS were obtained from the American Type Culture Collection (Manassas, VA, USA). Dulbecco's modified Eagle's medium (DMEM), calf serum (CS) and fetal bovine serum (FBS) were all purchased from Grand Island Biological Co. (Gibco USA). Anti-AFP, caspase-3 and -9, Bcl-2, Bax and β-actin antibodies and AFP siRNA were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). CytoSelect™ 24-well anoikis assay kit was purchased from Cell Biolabs Products (San Diego, CA, USA) (#CBA-080). The RevertAid First Strand cDNA synthesis kit was obtained from Fermentas (Burlington, ON, Canada). Poly(2-hydroxyethyl methacrylate) (poly-HEMA) and all other agents were purchased from Sigma (St. Louis, MO, USA).
Cell culture. The hepatic carcinoma cell line Bel-7402 and GC cell lines FU97 and AGS were all cultured in DMEM containing 10% FBS, 100 U/ml penicillin and 100 mg streptomycin at 37˚C in a humidified atmosphere composed of 95% air and 5% CO 2 . Passage digestion was conducted using 0.25% trypsin-0.02% EDTA solution.
Interference of AFP expression with AFP siRNA. The siRNA specific for AFP (10 µM) was purchased from Santa Cruz Biotechnology, and interference of AFP was conducted according to the manufacturer's instructions. Briefly, AFP siRNA (20, 40 and 60 nM) was added to confluent cells. After 6 h, the transfection complexes were discarded and the cells were further cultured in growth medium for 48 h. The protein extracts were used to detect AFP expression levels after treatment with different concentrations of AFP siRNA.
Preparation of the poly-HEMA-coated plate. Poly-HEMA (261 mg) dissolved in 5 ml 95% ethanol was plated in a 65˚C waterbath for over 8 h with intermittent shocks. After being fully dissolved, the poly-HEMA working solution was filtered through a 0.22-µm membrane for sterilization. Poly-HEMA working solution (1 ml, 52.2 mg/ml) was added into each well of a 6-well plate, which was then cultured overnight at room temperature. The plates were washed 2-3 times with sterile ddH 2 O before use.
Flow cytometric analysis of cellular apoptosis. AGS cells were cultured with or without poly-HEMA, or poly-HEMA and AFP siRNA (60 nM). Following culture, the wells were trypsinized. After washing, the cells were resuspended in 200 µl of binding buffer containing Annexin V FITC (5 µl) and propidium iodide (PI) (10 µl), and cultured at room temperature for 15 min. Binding buffer (300 µl) was added before the samples were analyzed with a FACScan flow cytometer (Becton-Dickinson, Mountain View, CA, USA).
Reverse transcription (RT)-PCR and sequencing. Total RNA was extracted and RT-PCR was conducted as previously described (10) . The annealing temperature was 56-58˚C for AFP and 60˚C for β-actin amplification. The primers were as follows: AFP-F, 5'-ACCCGAACTTTCCAAGCCAT-3' and AFP-R, 5'-CTCGCCACAGGCCAATAGTT-3'; β-actin-F, 5'-CTCCTTAATGTCACGCACGATTT-3' and β-actin-R, 5'-GTGGGGCGCCCCAGGCACCA-3'. Sequencing was conducted based on the Sanger method and the AFP sequence of Homo sapiens was searched with the BLAST software of NCBI to confirm the amplification products.
Protein extraction and western blotting. Total protein was extracted and western blot analysis was conducted as previously described (10) . The Bradford method was used to determine the protein concentration of the supernatant. Samples (40 µg of total protein each) were used in western blot analysis. The primary antibodies used were AFP (1:200), E-cadherin (1:200), N-cadherin (1:200) and β-actin (1:2,500) (all from Santa Cruz Biotechnology).
Cell migration and invasion Transwell™ chamber assays. Cell invasion assays were performed using Transwell™ chambers (Costar, Cambridge, MA, USA) as previously described (11) . Briefly, for the invasion assays, 80 µg of Matrigel (BD Biosciences, Franklin Lakes, NY, USA) was used to coat the filter and cells (1x10 6 cells/well) were seeded on the top chamber in serum-free medium. The bottom chamber was filled with 0.6 ml of DMEM with 10% FBS to function as a chemoattractant. In vitro migration assays were conducted under the same conditions as the Transwell™ invasion assays but in non-Matrigel-coated Transwell™ chambers. All experiments were repeated in triplicate.
Anoikis assays. Cells were cultured in plates coated with or without poly-HEMA, or poly-HEMA and AFP siRNA (10 µM, 3 µl). Calcein AM/ethidium homodimer-1 (EthD-1) solution (500X, 1 µl) was added to each well of a 24-well anchorageresistant or control plate. The plates were then incubated for 30-60 min at 37˚C. Microscopy was used to detect the green calcein AM fluorescence (Ex, 485 nm; Em, 515 nm) and red EthD-1 fluorescence (Ex, 520 nm; Em, 590 nm).
Statistical analysis. Data are presented as mean ± standard error of the mean (SEM). Statistical calculations were performed using the SPSS 16.0 software package. Independent sample t-tests were applied to analyze the data. P-values <0.05 were considered to indicate a statistically significant result.
Results
Expression of AFP is confirmed in the cultured AGS cells. Hepatic carcinoma Bel-7402 and GC cells, FU97 and AGS, were all cultured in vitro, and total mRNA and proteins were extracted. AFP transcripts were detected in the positive control cells Bel-7402 and FU97 by RT-PCR, and an equal length fragment was amplified from the AGS cells (Fig. 1A) . AFP protein expression was also confirmed in the AGS cells by western blotting, with a band of equal molecular weight in the positive controls Bel-7402 and FU97 as found in the AGS sample ( Fig. 1B) . Sequencing was further conducted using the RT-PCR amplification products and the sequence was consistent with the AFP sequence of Homo sapiens, according to a BLAST (NCBI) search (Fig. 1C) .
Interference of AFP expression attenuates the invasion and metastasis of AGS cells.
To explore the function of AFP in AGS cells, AFP expression was blocked with siRNAs. The expression of AFP was analyzed following AFP siRNA exposure (20, 40 and 60 nM), with the strongest interference induced by AFP siRNA (60 nM) ( Fig. 2A ). Transwell™ chamber assays indicated that cell invasion and metastasis of the AGS cells were decreased following treatment with AFP siRNA (60 nM), compared with these parameters in the control cells (Fig. 2B ). Furthermore, interference of AFP expression (60 nM) significantly upregulated E-cadherin and downregulated N-cadherin expression, compared with these levels in the control cells ( Fig. 2C and D) (P<0.05). Therefore, the expression of AFP in AGS cells contributes to their invasive and metastatic properties.
Apoptosis and anoikis of AGS cells were both increased after poly-HEMA and AFP siRNA treatment. AGS cells were cultured in a poly-HEMA-coated or control plate, and the apoptosis of the AGS cells was analyzed by flow cytometry. poly-HEMA was confirmed to be able to inhibit cell adhesion to growth surfaces in culture vessels, and in the present study a poly-HEMA-coated plate was applied to induce cell anoikis. Fig. 3 shows the results of flow cytometric analysis. The apoptosis rates of the untreated AGS cells and cells treated with poly-HEMA were 0.63±0.22 and 2.48±0.62%, respectively. Treatment of AGS cells with AFP siRNA significantly increased the apoptosis rate to 9.17±0.71%. Therefore, blocking the adhesion of cells to the plate increased the apoptosis rate of the AGS cells. The combination of blocking cell adhesion and AFP siRNA treatment further increased AGS cell apoptosis, when compared with that noted in untreated cells cultured in the poly-HEMA-coated wells (P<0.05).
For anoikis detection, the cells were divided into three groups: the control AGS cells, which were cultured commonly in a control plate; the poly-HEMA-treated AGS cells, which were cultured in a poly-HEMA-coated plate; the poly-HEMA-treated AGS/AFPcells, which were cultured in poly-HEMA-coated plate and the expression of AFP was interfered by AFP siRNA (60 nM) exposure. Live cells in each group can be detected with calcein AM, which is a green fluorescent dye. Anoikis-induced cell death can be detected with the EthD-1, which is a red fluorescent dye. As shown in Fig. 4 , nearly all control cells fluoresced green, with little or no red fluorescence. More cells fluoresced red when the cells were cultured in wells coated with poly-HEMA, which was significantly increased when the cells were treated with 60 nM of AFP siRNA. Therefore, blocking cell adhesion induced cell anoikis. In addition, anoikis was further increased in the cells treated with AFP siRNA in the poly-HEMA-coated plates.
Interference of AFP influences the expression of apoptosis-related proteins in AGS cells. Apoptotic proteins,
including B-cell lymphoma-2 (Bcl-2), Bax, caspase-3 and -9, were analyzed in the AGS cells treated with or without AFP siRNA in the poly-HEMA-coated or control plates. As shown in Fig. 5 , interference of AFP enhanced the expression of pro-apoptotic proteins, including Bax, caspase-3 and -9, and decreased the expression of anti-apoptotic proteins, such as Bcl-2.
Discussion
In the present study, we explored the role and related mechanisms of AFP in the invasion and metastasis of AGS cells. Our results found that AFP contributed to the invasion and metastasis of the AGS cells, the mechanism of which was closely related to anoikis sensitivity. Interference of AFP expression with siRNA attenuated the invasion and metastasis of AGS cells, with upregulation of E-cadherin and downregulation of N-cadherin expression. Cell apoptosis and anoikis induced by poly-HEMA treatment were also exacerbated significantly under AFP siRNA exposure, with the enhanced expression of Bax, caspase-3 and -9, and decreased expression of Bcl-2. The present study provides new insight for the treatment of gastric Figure 5 . Bax, Bcl-2, caspase-9 and -3 were analyzed in the AGS cells treated with or without AFP siRNA (60 nM) in poly-HEMA-coated or control plates. The results showed that interference of AFP enhanced the expression of pro-apoptotic proteins, including Bax, caspase-3 and -9, and decreased the expression of the anti-apoptotic protein Bcl-2. Figure 4 . Anoikis is assayed using a CytoSelect™ 24-well anoikis assay kit. Live cells can be detected with calcein AM, which is a green fluorescent dye. Anoikis-induced cell death is detected with EthD-1, which is a red fluorescent dye. The results showed that almost all control cells showed green, with merely no red fluorescence; however, when cells were exposed to poly-HEMA, red fluorescence was induced, which was significantly increased when the cells were treated with AFP siRNA (60 nM). cancer (GC) and suggests AFP as a potential therapeutic target by regulating anoikis sensitivity.
Multiple studies have reported the critical role of AFP in human cancer development, including GC (12) . However, few studies have investigated the function of AFP in cultured GC cell lines due to the limitation of AFP-positive GC cells, in addition to FU97, the well known APGC cell line. AGS is a moderately differentiated human gastric adenocarcinoma hyperdiploid cell line. This cell line was derived from fragments of a tumor resected from a 54-year-old female patient who had received no prior therapy in 1979 (13) . As a common GC cell line, AGS has been used widely in GC-related studies (14) (15) (16) . The expression of AFP in AGS was reported by Chen et al in 2003 (17) ; however, the biological functions of AFP in AGS, particularly in invasion and metastasis remain unknown. The present study found that interference of AFP expression by specific siRNA reduced the invasion and metastasis of AGS cells, suggesting that AFP contributes to the metastasis of AGS. Our discovery may confirm AGS as another APGC cell line to a certain extent, and will certainly enable further study for APGC.
Apoptosis is a mechanism of programmed cell death that ensures normal development. From our flow cytometric analysis, we found that apoptosis of AFP cells was induced by AFP siRNA treatment, which supports a possible function of AFP in preventing the apoptosis of GC cells. Multiple studies have reported the critical role of AFP in cell apoptosis, which is consistent with our results (18) . In addition, anoikis is involved in cancer metastasis and transformed cells can develop anoikis resistance, which enables cells to survive under anchorage-independent or spheroid growth conditions (19) .
Our results indicate a role for AFP in anoikis as cells cultured in poly-HEMA-coated wells and treated with AFP siRNA underwent increased anoikis. Therefore AFP inhibition may provide a new approach by which to treat GC. To our knowledge, the present study is the first to indicate a role of AFP interference in preventing metastasis by enhancing anoikis sensitivity in GCs.
Numerous apoptotic-related proteins are involved in the apoptosis process, particularly mitochondrial-cytoplasm proteins. The Bcl-2 and caspase family members are important in the intrinsic apoptosis pathway, although they are not specific to anoikis. Bcl-2 family members are the major target genes in anti-apoptotic pathways (20, 21) . Most Bcl-2 family members, including Bcl-2, Bcl-X L , Bcl-w, Mcl-l, Bfl 1/A-1 and Bcl-B, have anti-apoptotic properties; however, a subset has pro-apoptotic properties, including BAX, BAK and BID. The pro-apoptotic protein BAX was identified as an inhibitory binding partner of Bcl-2 and the ratio of Bcl-2 to BAX is used to predict apoptosis (22) . In the present study, we analyzed the expression of Bcl-2 and BAX, and we found that Bax was upregulated and Bcl-2 was downregulated when cells were cultured in wells coated in poly-HEMA and treated with AFP siRNA. This indicates the pro-apoptotic role of AFP in anoikis-induced cell death in AGS cells. Caspase-3 and -9 are also two commonly pro-apoptotic molecules which are used widely in apoptotic-related studies (21, 23) . The present study, based on the detection of caspase-3 and -9, further confirmed the pro-apoptotic role of AFP in anoikis-induced cell death in AGS cells.
In summary, the present study provides evidence that AFP expression is important for the invasion and metastasis of AGS cells by preventing anoikis-induced cell death. On one hand, our results confirm AGS as another APGC cell line for research on the critical role of AFP in metastasis; on the other hand, our findings indicate that AFP may be a potential therapeutic target for GCs by regulation of anoikis sensitivity, particularly for APGC. The present study provides new insight for the treatment of GC.
